Four hundred and forty-nine strains isolated from patients with diarrhoea and belonging to 13 enteropathogenic Escherichia cofi (EPEC) 0 serogroups were tested with a DNA probe for the EPEC adherence factor (EAF). Positive results were obtained with only 36 strains; they belonged to 10 0 serogroups and flagellar typing showed they were usually of the "classical" EPEC serotypes. Thirty-four of the 36 EAF-positive strains showed localised adhesion to HEp-2 cells. The two remaining strains, of serotypes 0 1 14: H2 and 0127: H4, showed low level or no adhesion to HEp-2 cells. No colonies hybridising with the EAF probe were identified in cultures from 1 15 faecal specimens from healthy children. Sixteen of the 449 strains hybridised with one or both probes for the Vero cytotoxin genes VT1 and VT2; 15 of the 16 strains belonged to serogroups 026 and 0128. None of the strains hybridised with both the EAF and VT gene probes. These studies show that the great majority of strains belonging to EPEC 0 serogroups do not possess the EPEC adherence factor or carry VT genes.
Introduction
Strains of Escherichia cofi associated with diarrhoeal disease have been divided into four main groups : enterotoxigenic E. cofi (ETEC), enteropathogenic E. cofi(EPEC), enteroinvasive E. cofi(E1EC) and Vero cytotoxin-producing E. cofi (VTEC). EPEC are strains belonging to particular serotypes that have been associated epidemiologically with outbreaks of infantile enteritis.' A number of EPEC strains from outbreaks have been examined for virulence properties but they did not produce heat-stable or heat-labile enterotoxins or Vero c y t o t o~i n s .~~~ Because EPEC have the ability to colonise the small intestine the adhesive properties of these organisms have been examined in uitro. A study of the adherence of EPEC strains to HEp-2 cells grown in tissue culture showed that 80% of strains isolated from outbreaks of diarrhoea were a d h e~i v e .~ Three patterns of adhesion of diarrhoeagenic E. coli strains to HEp-2 or HeLa cells have been reported; these have been termed localised adherence, diffuse adherence and aggregati~e.'-~
In strain E2348/69, of serotype 0127:H6, the presence of a plasmid designated pMAR2 was required for full expression of localised HEp-2 adhesion and this plasmid has been termed the EPEC adherence factor (EAF) p l a~m i d .~. The importance of pMAR2 in the virulence of E2348/ 69 was clearly shown in volunteer studies in which nine of 10 healthy adults suffered diarrhoea after challenge with E2348/69 but only two of nine subjects had diarrhoea after receiving the derivative strain lacking pMAR2. l o Cloning and mapping of plasmid pMAR2 led to the development of a DNA probe comprising a 1-kb SafI-BamHI fragment.' ' This probe, designated the EAF probe, has been used in several studies in different parts of the world and the results have been correlated with HEp-2 adhesion assays.'. *- 16 In most studies there was a 100% correlation between hybridisation with the EAF probe and localised adherence to HEp-2 cells and all these strains belonged to the most common EPEC 0 serogroups. However, in a recent paper, Levine et af. 16 reported that only 77 of 85 EAF-positive strains showed localised adherence but the properties of the remaining eight strains were not described.
The production of Vero cytotoxin (VT) by some strains belonging to EPEC serogroups has been r e p~r t e d .~. 79 l 8 Two types of VT, designated VTl and VT2, have been identified by toxin neutralisation experiments' ' and DNA probes for the phage genes encoding VTl and VT2 have been developed.20 EPEC strains from outbreaks did not produce VT but some strains of serogroups 026 and 0128 from sporadic cases of diarrhoea gave positive results in Vero-cell assays and hybridised with the VT probes.39 l 8 Previous studies showed that within the EPEC 0 serogroups only strains with certain flagellar (H) antigens were isolated commonly from infants with diarrhoea. 21 The adhesive properties of strains isolated in the United Kingdom that belonged to serotypes associated with outbreaks of infantile enteritis have been described. 22 It was concluded that strains from sporadic cases of diarrhoea, belonging to the same serotypes as the outbreak strains, often showed localised adherence and hybridisation with the EAF probe.
In this study we have examined E. coli strains belonging to any H type of 13 EPEC 0 serogroups. Colony hybridisation was used to test the strains with DNA probes for EAF, VTl and VT2. The positive results with the EAF probe were correlated with the ability to adhere to HEp-2 cells. Additionally, faecal samples from healthy infants were examined to show whether strains hybridising with the EAF probe were present.
Materials and methods

Bacterial strains and faecal specimens
The strains had been sent to the Division of Enteric Pathogens (DEP) between Jan. 1985 and Dec. 1987. They were isolated from cases of diarrhoea; 353 were from the UK and 96 were isolated abroad or on return to the UK after foreign travel. The strains were identified bio~hemically'~ and serotyped. 25 Faecal specimens from 115 healthy children were examined for the presence of strains hybridising with the EAF probe. The specimens had been submitted to the DEP for separate studies investigating the role of VTEC.
Tissue culture adhesion and actin accumulation tests
Tests for adhesion to HEp-2 cells and Intestine 407 cells were performed as described by Scotland et al.'" " Cells were examined for attached bacteria after fixing with methanol and staining with Giemsa stain. The fluorescence actin staining test (FAS test) was done as described by Knutton et al." Briefly HEp-2 cells were fixed with formaldehyde 3% w/v at the end of an adhesion test. Cells were rendered permeable with Triton X-100 0.1% v/v in phosphate-buffered saline (PBS), treated with fluorescein isothiocyanate-phalloidin (Sigma) 5 pg/ml in PBS and examined for the presence of fluorescing accumulations of filamentous actin beneath attached bacteria by consecutive incident light fluorescence and phase-contrast microscopy on the same specimen.
DNA hybridisation tests
Broth cultures of the strains were spotted on Hybond-N nylon membranes placed on MacConkey agar plates; controls of known probe-positive and -negative strains were included on each membrane. Faecal specimens were suspended in an equal volume of PBS and 0-1-ml samples of 10-fold dilutions were spread on MacConkey agar plates. Plates with several hundred colonies were replicated on to nylon membranes placed on MacConkey agar. For both types of sample the plates were incubated at 37°C for 6 h and prepared for colony hybridisation."
The EAF probe was a 1-kb San-BarnHI fragment isolated from a derivative of plasmid pMAR2. ' The VT1 probe was a 0.75-kb HincII fragment derived from the VT1-encoding phage isolated from E. coli strain H19. 28 The VT2 probe was a 0.85-kb AuaI-PstI fragment present in VT2 sequences cloned from a VT2-encoding phage in E. coli strain,E32511.20 The probe fragments were separated by electrophoresis in low temperature gelling agarose 1% w/v. The bands were cut from the gel and labelled with deoxyadenosine 5 ' -~r -(~' S ) thiotriphosphate by the random primer method."
DNA hybridisation was at 42°C in a mixture containing: formamide SO%, 5 x SSPE (1 x SSPE, pH 7.4, is 0.18 M NaC1,lO mM NaH, PO, and 1 mM EDTA); Ficoll (mol. wt 400 000), polyvinylpyrrolidone, bovine serum albumin and sodium dodecyl sulphate (SDS) 0.1% each; 0.01 M dithiothreitol and denatured salmon sperm DNA 100 pg/ml. Washing under high stringency conditions and autoradiography were done as described by Willshaw et a!. 28 
Results
Testing of strains and faecal specimens with the EAF probe
Three hundred and fifty-three E. coli strains, isolated in the UK and belonging to 13 0 serogroups, were tested for hybridisation with the EAF probe (table I) .
Twenty-three strains (6.5%) gave positive results; they belonged to eight of the 13 0 serogroups. In most cases the EAF-positive strains were of particular 0 : H combinations, including some nonmotile strains, that have been associated with outbreaks of infantile enteriti~.~' 2 2 However, two strains of serotypes 0 125ac : H22 and 0 142 : H34 belonged to types that have not been described as EAF-positive in previous studies. Strains of serogroups 018, 026 and 0128 comprised 1 16 of the 353 strains but none showed hybridisation with the EAF probe. The EAF probe-negative strains belonged to a wide range of different H types although, within certain serogroups, the majority of strains were of one H-type. Examples, shown in The EAF probe-negative strains were also examined for 0 : H combinations that have been reported as EAF-positive in previous studies, particularly those associated with outbreaks of enteritis. Strains that fell into this class belonged to serotypes 01 27 : H4 (two strains), 01 28 : H2 (16 strains) and 0142: H6 (two strains) (table I) .
Ninety-six strains isolated from persons infected abroad were also examined; the strains belonged to 12 0 serogroups as this series contained no strains of serogroup 026. Thirteen strains (14%) gave positive hybridisation results with the EAF probe (table 11). All these EAF-positive strains belonged to serotypes that have been reported as EAFpositive in other studies. In the present study, EAFpositive strains of serotypes 0 5 5 : H6, 086 : H -, 01 1 1 ab : H2 and 0 128 : H2 were detected in persons infected abroad but not in the strains isolated in the UK (table I) .
One hundred and fifteen faecal specimens from healthy children were tested as described in the Methods. No colonies hybridising with the EAF probe were identified.
Adhesion tests
The 36 EAF-positive strains were examined for adhesion to HEp-2 cells in a 6-h test. Thirty-four of the strains showed localised adhesion to at least 30% and usually more than 70% of HEp-2 cells but there was little or no adhesion with the remaining two strains. These two strains, designated E29452 and E36594, belonged to serotypes 0 1 27 : H4 and 0 1 14: H2 respectively and both were isolated in the UK. Single colonies of the two strains were then tested. Two EAF-positive colonies of E29452 (0127:H4) showed no adhesion to HEp-2 or Intestine 407 cells. Five EAF-positive colonies of E36594 (01 14: H2) adhered to 12% or less of HEp-2 or Intestine 407 cells. Attachment was of the typical localised pattern and was associated with the formation of actin fluorescence.
Testing of strains with probes for VTI and VT2
Since production of Vero cytotoxin has been reported for some strains belonging to EPEC 0 serogroups, the 449 strains were tested for hybridisation with DNA probes for VT1 and VT2. Sixteen strains gave positive results with VT1 or VT2 or ?Three strains of serogroup 0128 hybridised with the VT probes. One strain of serotype 0128ab: H2 hybridised with VTl and VT2 probes and two strains, serotypes 0128ab: H2 and 0128ab: H31, hybridised with the VT1 probe alone.
both probes (tables I and 11). Fifteen of these strains belonged to serogroups 026 or 0128, confirming the results of previous ~t u d i e s .~' l 8 The remaining VTEC strain was of serotype 0 1 1 lac : H8.
Discussion
EAF-positive EPEC strains belonging to serotypes associated with outbreaks of infantile enteritis in the UK are still being isolated from sporadic cases of diarrhoea. 22 The present study confirms this observation and also demonstrates that these EAF-positive strains form a low proportion, c. 8%, of strains isolated from cases of diarrhoea and belonging to 13 EPEC 0 serogroups. The results also demonstrate that EAF-positive strains are rare in healthy children in the UK; none was detected in 115 faecal specimens examined in this study. In some common 0 groups such as 018, 026 and 0128, all 116 strains isolated in the UK gave negative results in tests with the EAF probe and within certain serogroups the majority of EAFnegative strains belonged to only one H type. The EAF-negative strains were isolated from patients with diarrhoea but it is not known if these strains can cause disease. Such strains may be useful in further studies to determine whether other virulence mechanisms are important in diarrhoea1 disease. In the present study, Vero cytotoxin production was detected in a small proportion (4%) of strains. Several strains of serotype 0 2 6 : H l l have been shown to produce VT and Levine et aZ. 30 suggested that such 026 strains belonged to the group of E. coli termed enterohaemorrhagic E. coli, or EHEC, since they have been associated with bloody diarrhoea. Other serogroups such as 0 1 1 1 and 0128 are heterogeneous in their virulence properties with some strains being EAF-positive while other members produce VT or enterotoxins ST and LT. For example, in previous studies, strains of serogroup 0128 were shown to produce ST, LT, ST and LT, or VT and some strains adhered to HEp-2 ~e l l s .~~~~~~~
The 0128 strains adhering to HEp-2 cells in a localised pattern could be divided into two groups-strains that hybridised with the EAF probe and others that did not.'5722 In the present study only the EAF-positive strains were tested for adhesion to HEp-2 cells and it is likely that some of the EAF-negative strains could adhere to HEp-2 cells in a localised manner.
A possible disadvantage in using probes is that they may detect strains that have the required gene sequences but do not express the property associated with the genes. In this study two of 36 EAF-positive strains showed little (strain E36594) or no (strain E29452) adhesion to HEp-2 cells. Levine et a1. 16 reported that not all EAF-positive strains showed localised adhesion but details of the non-adherent On: Tue, 11 Dec 2018 06:47:01 ENTEROPATHOGENIC E. COLI 239 EAF-positive strains were not given. E. coli strains that hybridised with the EAF probe but did not adhere have been constructed in this laboratory by transfer of EAF plasmids into wild-type strains of the non-EPEC serogroups 040,071 and 099, and it was concluded that these wild-type strains lack additional chromosomal genetic information that is needed for the complete adhesion mechanism.32 Knutton et aI. 33, 34 have suggested that EPEC adhesion involves a two-step process consisting of an initial binding to the cell surface followed by attachment with close cell-to-cell contact. The plasmid-mediated EAF is associated with the first stage of adhesion but does not seem to be required for the intimate attachment. In the second stage there is production of a characteristic "attaching and effacing" lesion in which there is destruction of the microvilli and close attachment of the bacteria to cup-like projections of the enterocyte membrane. These processes are thought to require chromosomally-encoded factors. Strains E36594 and E29452 may have mutations in either plasmid or chromosomal genes leading to the observed low level or absence of HEp-2 adhesion. EAF-positive strains attach to Intestine 407 cells" and the mutations in E36594 and E29452 also affected attachment to this cell line. The FAS test has been developed to identify strains with this "attaching and effacing" ability.26 Fluorescein-labelled phallotoxin binds specifically to filamentous actin enabling visualisation of microfilaments produced when EPEC and other strains adhere to tissue culture cells. As strain E36594 gave some attachment it was possible to show this strain was FAS test-positive and so was presumably not defective in genes relating to this property. Further studies are necessary to investigate the mutations in strain E36594 and also in strain E29452 that showed no adhesion.
The present study has shown that EAF and VT genes in strains belonging to EPEC 0 serogroups are found in a limited range of 0: H combinations and some non-motile strains. Further studies are required to investigate the properties of the large number of EAF-negative EPEC strains of other 0: H combinations and any role they may play in diarrhoea1 disease.
